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Looking inside the atom 

The idea that matter is composed of very small particles called atoms 

was first suggested by the Greeks some 2000 

years ago. However, it was not until the middle of the 19th century that 

any ideas about the inside of the atom were 

proposed. 

 

J.J. Thomson proposed the atom as a neutral particle with positive and 

negative charges, known as the plum pudding model. The electron, 

with a mass of 9.11×10−31 kg and a charge of −1.60×10−19C, is now 

used to explain electrostatics, current electricity, and electronics. 

Alpha-particle scattering and the nucleus 

In 1906, while experimenting with the passage of α-particles through a 

thin mica sheet, Ernest Rutherford (Figure 16.2) noticed that most of 

the α-particles passed straight through. This suggested to him that 

there might be a large amount of empty space in the atom, and by 1909 

he had developed what we now call the nuclear model of the atom. 

 

Some were deflected slightly, but about 1 in 20 000 were deflected 

through an angle of more than 90°, so that they appeared to bounce 

back off the foil. This helped to confirm Rutherford in his 

thinking about the atom – that it was mostly empty space, 

with most of the mass and all of the positive charge 

concentrated in a tiny region at the centre. This central 

nucleus only affected the α-particles when they came close 

to it. 

 

Figure 16.3 shows the apparatus used in the 

α-scattering experiment. Notice the following points: 

 

■■ The α-particle source was encased in metal with a small 

aperture, allowing a fine beam of α-particles to emerge. 

 

■■ Air in the apparatus was pumped out to leave a vacuum; 

α-radiation is absorbed by a few centimetres of air. 

 

■■ One reason for choosing gold was that it can be made into a very thin sheet or foil. Rutherford’s foil was only a 

few hundreds of atoms thick. 

 

■■ The α-particles were detected when they struck a solid ‘scintillating’ material. Each α-particle gave a tiny flash 

of light and these were counted by the experimenters (Geiger and Marsden). 

 

■■ The detector could be moved round to detect α-particles scattered through different angles. 
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Explaining α-scattering 

The back-scattering of α-particles by gold atoms can be explained by the electrostatic repulsion between the 

positive charge of the α-particle and the positive charge of the atom's nucleus. If the atom were a bullet with 

negatively charged electrons scattered through a positive charge, an α-particle would pass through it without 

deflecting. However, if the mass and positive charge were concentrated at one point, an α-particle would strike 

something more massive and with a greater charge, sending it backwards. 

 

 

 

A simple model of the atom 

Rutherford's nuclear model of the atom gained 

acceptance due to its explanation of chemical bonding. 

The proton, with a positive charge, was discovered, but 

its mass was too small to account for the atom's entire 

mass. The neutron solved this puzzle in the early 1930s. 

 

■■ Protons and neutrons make up the nucleus of the 

atom. 

■■ The electrons move around the nucleus in a cloud, 

some closer to and some further from the centre of the 

nucleus. 
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Nucleons and electrons 

We will start this section with a summary of the particles mentioned so far (Table 16.1). All nuclei, except the 

lightest form of hydrogen, contain protons and neutrons, and each nucleus is described by the number of protons 

and neutrons that it contains. 

 

■■ Protons and neutrons in a nucleus are collectively called nucleons. For example, in a nucleus of gold, there are 

79 protons and 118 neutrons, giving a total of 197 nucleons altogether. 

 

■■ The total number of nucleons in a nucleus is called the nucleon number (or mass number) A. 

 

■■ The nucleon number is equal to the sum of the number of neutrons in the nucleus, the neutron number N, and 

the number of protons, the proton number (or atomic number) 
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Isotopes 

Although atoms of the same element may be identical chemically, their nuclei may be slightly different. The 

number of protons in the nucleus of an atom determines what element it is: helium always has 2 protons, carbon 

6 protons, oxygen 8 protons, neon 10 protons, radium 88 protons, uranium 92 protons, and so on. 

 
The first has 10 neutrons in the nucleus, the second 11 neutrons and the third 12 neutrons. These three types of 

neon nuclei are called isotopes of neon. 
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Atoms are electrically neutral, with the number of electrons surrounding the nucleus equal to the number of 

protons. The chemical properties of an atom are determined by the number of protons and electrons, while the 

nuclear properties are determined by the number of neutrons. Isotopes of the same element have identical 

chemical properties but differ in nuclear properties. Hydrogen is the most abundant element due to its simple 

structure. 

 

 
 

Forces in the nucleus 

The nucleus of an atom contains protons and neutrons, with protons 

carrying positive charge and neutrons uncharged. The nucleus holds 

together despite electrostatic repulsions, indicating an attractive 

force between the nucleons. 

 

This is called the strong nuclear force. It only acts over very short 

distances (10−14m), and it is what holds the nucleus together. 

Diluting the protons 

In small nuclei the strong nuclear force from all the nucleons reaches 

most of the others in the nucleus, but as we go on adding protons 

and neutrons the balance becomes much finer. 

 

Most atoms that make up our world have stable nuclei; 

that is, they do not change as time goes by, which is quite 

fortunate really! However, some are less stable and give 

out radiation. Whether or not an atom is unstable depends 

on the numbers of protons and neutrons in its nucleus. 

Hydrogen-1 (1p), helium-4 (2p, 2n), carbon-12 (6p, 6n) 

and oxygen-16 (8p, 8n) are all stable – but add or subtract 

neutrons and the situation changes. 
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Fundamental particles? 

Chemistry is very complicated because there are literally billions 

of different molecules that can exist. The discovery 

of the Periodic Table simplified things because it suggested that 

there were roughly 92 different elements whose atoms could be 

arranged to make these various molecules. 

 

However, in the middle decades of the 20th century, physicists 

discovered many other particles that did not fit 

this pattern. They gave them names such as pions, kaons, muons, 

etc., using up most of the letters of the Greek 

alphabet. 

 

These new particles were found in two ways: 

 

■■ by looking at cosmic rays, which are particles that arrive at the 

Earth from outer space 

 

■■ by looking at the particles produced by high-energy collisions in 

particle accelerators (Figure 16.9). 

Families of particles 

Today, sub-atomic particles are divided into two families: 

■■ Hadrons such as protons and neutrons. These are all particles that 

are affected by the strong nuclear force. 

■■ Leptons such as electrons. These are particles that are unaffected 

by the strong nuclear force. 

Inside hadrons 

To sort out the complicated picture of the hadron family of particles, 

Murray Gell-Mann in 1964 proposed a new 

model. He suggested that they were made up of just a few different 

particles, which he called quarks. 

 

Gell-Mann’s idea was that there are two types of hadron: baryons, 

made up of three quarks, and mesons, made up of two quarks. In either 

case, the quarks are held together by the strong nuclear force.  

Discovering radioactivity  

The French physicist Henri Becquerel (Figure 16.12) is credited with the 

discovery of radioactivity in 1896. He had been looking at the properties 

of uranium compounds when he noticed that they affected photographic 

film – he realised that they were giving out radiation all the time and he 

performed several ingenious experiments to shed light on the 

phenomenon. 
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Radiation from radioactive substances  

There are three types of radiation which are emitted by 

radioactive substances: alpha (α), beta (β) and gamma (γ) 

radiations come from the unstable nuclei of atoms. 

 

However, there are also many unstable nuclei that emit 

beta-plus (β+) radiation. This radiation is in the form of 

positrons, similar to electrons in terms of mass but with 

positive charge of +e. Positrons are a form of antimatter 

 

Table 16.4 shows the basic characteristics of the different types of radiation. The masses are given relative to the 

mass of a proton; charge is measured in units of e, the elementary charge. 

 

Discovering neutrinos  

There is a further type of particle which we need to consider. These are the neutrinos. When β decay was first 

studied, it was realised that β-particles were electrons coming from the nucleus of an atom. 

 

It was noticed that β-particles were emitted with a range of speeds – some travelled more slowly than others 

 

This particle is now known as the antineutrino (or, more correctly, the electron antineutrino), with symbol ν–. The 

decay equation for β− decay is written as: 

 
In β+ decay, a proton decays to become a neutron and an electron neutrino (symbol ν) is released: 
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Fundamental families  

Electrons and neutrinos both belong to the family of fundamental 

particles called leptons. 

Fundamental families  

Electrons and neutrinos both belong to the family of fundamental 

particles called leptons. So, we have two families of fundamental 

particles, quarks and leptons. How can we understand β decay in terms of 

these particles? Consider first β− decay, in which a neutron decays. A 

neutron consists of three quarks (up, down, down or u d d). It decays to 

become a proton (u u d). 

Fundamental forces  

The nucleus is held together by the strong nuclear force, acting against 

the repulsive electrostatic or Coulomb force between protons. This force 

explains α decay, when a positively charged α-particle flies out of the 

nucleus, leaving it with less positive charge. 

Properties of ionising radiation 

The resulting atoms are said to be ionised, and the process is called 

ionisation. In the process, the radiation loses some of its kinetic energy. 

After many ionisations, the radiation loses all of its energy and no longer 

has any ionising effect. 

Behaviour of radiations in electric and magnetic fields 

α-, β−-, and γ-radiations have different charges, affecting their behavior in 

electric and magnetic fields. This helps distinguish radiation types. In an electric 

field, charged particles attract opposite-charged plates, while β−-particles 

deflect more due to their mass. 

 

Figure 16.16 shows the effect of a magnetic field. In this case, the deflecting 

force on the particles is at right angles to their motion. 

 

Radiation penetration 

Alpha-radiation 

Because α-radiation is highly ionising, it cannot penetrate very far into matter. A cloud chamber can be used to 

show the tracks of α-particles in air (Figure 16.17). The tracks are very dense, because of the dense concentration 

of ions produced, and they extend for only a few centimetres into the air. 
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Beta-radiation  

A Geiger–Müller tube can detect β−-radiation. The source is placed close to the 

tube, and different materials are positioned between source and tube. Paper has 

little effect; a denser material such as aluminium or lead is a more effective 

absorber. A few millimetres of aluminium will almost completely absorb β−-

radiation. 

Gamma-radiation  

Since γ-radiation is the least strongly ionising, it is the most penetrating. Lead 

can be used to absorb γ-rays. The intensity of the radiation decreases gradually 

as it passes through the lead. 

 

T he different penetrating properties of α-, β−- and γ-radiations can be 

summarised as follows: 

 

The electronvolt (eV)  

Alpha and beta particles move quickly; gamma photons travel at the speed of light. These types of radiation all 

have energy, but the energy of a single particle or photon is very small and far less than a joule 

 
 


